INTRODUCTION 28 29
The endoderm is at the heart of an ancient, intimate, and continuous relationship between 30 multicellular organisms and the microbial world. Gut commensals negotiate a semi-stable 31 existence within host niches, partially through provision of factors that influence nutrition, 32 development, and immunity in the host (Cho and Blaser, 2012) . For their part, hosts invest energy 33 and resources in the containment of intestinal microbes (Hooper et al., 2012) . Physical barriers 34 such as the peritrophic matrix of insects, or dense mucosal layers of mammals, keep microbes at 35 an adequate distance from gut cells. Additionally, host-derived reactive oxygen and nitrogen 36 species destroy invading microbes, while antimicrobial effectors block microbial dissemination. 37
The consequences of failed antibacterial defenses are often extreme, and occasionally deadly for 38 the host. For example, dysbiotic microbial communities contribute to traumatic inflammatory 39 bowel diseases in humans (Wlodarska et al., 2015) . In recent years, we have made considerable 40 advances in understanding relationships between host immune responses and gut microbiota 41 (Honda and Littman, 2016) . Germline-encoded innate immune systems provide critical defenses 42 in the endoderm, a primary site of contact between multicellular organisms and their immediate 43 microbial environment. Thus, characterization of innate immune regulation in endodermal 44 tissues is essential for a full appreciation of the mechanistic basis for the restraint of gut microbes. 45
The fruit fly, Drosophila melanogaster, is widely used for the characterization of intestinal 46 development and function (Buchon et NF-kB transcription factor Relish (Dushay et al., 1996) . Active Relish relocates to the nucleus and 69 initiates transcription of a broad spectrum of antimicrobial peptides. More recent work showed 70 that intestinal IMD activity also controls the expression of genes involved in developmental and 71 . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/085597 doi: bioRxiv preprint first posted online Nov. 3, 2016; metabolic processes (Broderick et al., 2014 , Erkosar et al., 2014 . These studies hint at novel, 72 unstudied biological roles for IMD that extend beyond the extermination of unwanted bacteria. 73
Here, we characterized the consequences of persistent IMD activity in midgut progenitors. 74
Midgut progenitor cells extend projections into the intestinal lumen (Ohlstein and Spradling,  75 2006), and express IMD pathway genes at levels comparable to mature epithelial cells (Dutta et 76 al., 2015) . In addition, enteric challenges with bacterial pathogens induce classic IMD-response 77 genes in progenitor cells (Dutta et 
RESULTS

89
Constitutive IMD Pathway Activation in Intestinal Stem Cells. 90
To characterize the effects of constitutive immune signaling in the intestine, we generated a 91 transgenic Drosophila line that allows cell-restricted activation of the IMD pathway. Specifically, 92
we engineered a truncated IMD protein that uses an internal ATG (at residue 78) as a start codon. 93
We refer to this truncated protein as ImdCA. ImdCA lacks inhibitory N-terminal amino acids 94 ( Figure 1A ), but retains the ability to interact with the FADD adaptor protein ( Figure 1B ImdCA in fat body or intestinal progenitor cells, respectively. In the fat body, the principle site of 100 humoral immunity, ImdCA caused expression of the IMD-responsive antimicrobial peptides dpt 101 and att ( Figure 1C ). The induction of dpt and att proceeded via a classical IMD response, as null 102 mutations in dredd prevented ImdCA-mediated antimicrobial peptide expression ( Figure 1D ). 103
ImdCA is equally effective at inducing antimicrobial expression in midgut progenitor cells (Figure 104 transcriptional profiles of the intestines of esg ts and esg ts >CA adult flies that we raised at 18°C for 126 ten days, and shifted to 29°C for two days. We examined esg ts and esg ts >CA flies raised under 127 conventional or germ-free conditions in these studies. This strategy allowed us to make pairwise 128 comparisons of the effects of commensal bacteria and ImdCA on the control of host transcription 129 (Figure 2A-D mitoses, affects EE cell differentiation, and increases EC density. Combined, these data implicate 365 the IMD pathway as a novel regulator of progenitor cell proliferation. 366
As the microbiome induces progenitor cell proliferation, we initially assumed that ImdCA-367 dependent hyperplasia was the result of a dysbiosis in the gut caused by immune activity. 
Gene expression analysis. 437
We used TRIZOL to prepare RNA from dissected adult intestines (Guntermann and Foley, 2011) . 438
Microarray studies were performed in triplicate on virgin flies that we raised on regular or 439 antibiotic-treated food food for 10-11 days at 29°C. We then shifted flies to 29°C for another 2 440 days, after which guts were dissected for RNA extraction (5 females and 5 males per sample). We 441 . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/085597 doi: bioRxiv preprint first posted online Nov. 3, 2016; used 100 ng purified RNA to make labeled cRNA for microarrays using the GeneChip® 3' IVT Plus 442 Reagent Kit (Affymetrix), then fragmented cRNA and then hybridized to the 443 GeneChip®Drosophila Genome 2.0 Array (Affymetrix). Preliminary analysis was done in the 444
Transciptome Analysis Console (TAC) software (Affymetrix). We analyzed gene expression data 445 using FlyMINE (Lyne et al., 2007) and Panther (Thomas et al., 2003) . Array data has been 446 submitted to the NCBI GEO database (accession ID: GSE89445). For qPCR studies, we prepared 1 447 μg cDNA from purified RNA using qScript cDNA Supermix (Quanta Biosciences, Inc.) and then 448 performed qPCR using the PerfeCTa® SYBR®Green FastMix (Quanta Biosciences, Inc.). All qPCR 449 studies were performed in triplicate and relative expression values were calculated using delta 450 delta Ct calculations. In each case, expression levels were normalized to actin. 451
452
Immunofluorescence. 453
The immunofluorescence protocol used in this study has been described elsewhere (Petkau et 
